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ABSTRACT 

PURPOSE: To obtain a semiconductor integrated circuit having best 
characteristics by crystallizing an amorphous semiconductor film through 
thermal annealing, for example, etching the crystallized film to produce a 
thin crystalline semiconductor film having specific thickness, and 
employing the crystalline semiconductor film as an active layer of a TFT 
for attaining higher characteristics. 

CONSTITUTION: After formation of a layer containing nickel, the majority of 
amorphous silicon is crystallized through thermal annealing in a nitrogen 
atmosphere but the amorphous silicon is left partially. In order to enhance 
the crystal I ini ty, the imperfectly crystallized part is crystallized by 
projecting KrF excimer laser light. The crystalline silicon is then etched 
to have a thickness of 150-300 angstroms . A crystalline silicon film 105 
thus obtained is then etched to form an insular region 106 thus composing 
the active layer of a TFT. This structure realizes a silicon film of 300 
angstroms thick or less having crystal I ini ty sufficient enough to achieve 
such characteristics as the maximum field effect mobility js 50cm(sup 2)/Vs 
or above. 
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«OHlMt*»#OiSStti**L, «#$*&»)£©« 
©ft&h7>^X*£#TS#8#&»®&T. SSi© 

icy-f ni*»)«sn&f»ow8W;*3*«3 o 10 

OAWTTcfeO, JB2©»JKK9>yx^©l8»tt*|i» 

#(WFW«*i4 o o A«unr*« 
«ltK¥*tt*aiaK. 

[I*** 3] fUMIB±£ffft3ftfc*ltK©liAtt 

*©±epj«a*ifcy<r MMttwu: 

*r?4 o oA«±ras;ifc***«fc-r*wiith9>3> 20 
*m#at, *©±fc»j«3ft&y-r h«ia:e*u 

«¥*fl«KWU ^-f MMCioTHTSft, *©¥ 
i§«£J¥Sa<4 0 0A£U©l»©«ttW*fi1"*i:fc 

i«i»«4ftftf»0*S^TJ.3 0 oAHTrr* 

oTts*flsanfc«K«©«»tt*»#©sttiffc, if 30 

3*<5 0 0 A^T©y-f MMWltftWrscttWR 
[|»*B6 3 tt^B±K»&3ftfcfnttt©lft£tt 
«©WWftJ»Sii«. K¥^*l©^ffl©SB»©¥^W 
S. 

0A«±©*l©««t. ¥i^©Jf 3**3 0 0 A^T© 
»2©««t*#r*lWI«©**tti|*W*©fiHSl 40 
t, J*3**5 0 0 AttT©y-f HMWi:€#f SCi: 

[H«*8] ii&ft*iB±ea&u *-©±icy-r h« 
«*»»j«an*«»©w©ws!8«3 0 oaot-c** 

JIK«©»IMt¥»#©fllttlia:, J*S*«5 0 OA&T 

©auMfcttKioTiMistifcy-r nwwutt^rr 
[•ww 9] mkmm±\zwt£b, «b&hs!©¥3© 

JP$*<3 0 0 AHT©iW«*-r*tt«tt*JWWIfc, 
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£ftitft 

[fftftX 1 0 ] ijl&&S®±l;:#ft-f £JH3 4 0 0 A« 

±©tMitt¥aMMiKJ:-3TWjaan& , vx^*to*© 

■sr-a-i:, ?**frm&W*a>m*ifi3 0 OAWTT 
**»flth?>5>X^©J8tt/ii:*#-r*!iit¥»(Wfc 

[ft** 1 1 ] 1fcft*IB±eJ* s 4 o o A«U©#» 

m#m<o*&#m tawr*- *ia t . 

&*m#® ft x ? 9- > if l -raw \zmm- « is £ , 
**tt©¥JWWR*±Ky-f hms^i^y-f 

#8«©ft«att. 
[ft#K 1 2 ] ttft*n±fcJ93 4 0 0 AfiUt©#* 

«««©¥»*M*»jw*iat. 

*&H©fe8m 

[!»#« 1 3 ] m®$km±\zm-$ 400 a«u©»» 
tt©*»*«ft»j*r«iai:, 

#i£g©fe§S2/8j. 

HMO* 1 4 ] |ftft*n±CJP£ 4 0 0 A£U©ttA 

tt©^*#ff *»*w«ia t . 

ft*** C t *4*«fc-r**K¥*fl®«©fMt#8tK 

£V>T, MEXy^ariafc&Wr, 

*««tt, WBWI)lfl:iaJcJ:9T«Kflssn&««K 
£*tt* 1 1 ft Wi t r*WM*»*««©fP«*J*. 

[jm©»»ARn] 

[0 0 0 1] 

amy< h a^^^ss (mk h 5 > 9 % l < a t 

FT) ©*J6*J:r«P«**CM1"«. sMMIKJ:** 

X^-f ^-yHs>lJ— •©B»H», *5V^«SOI* 
a08S^ti£*©¥W»fta[IIES (v-f^n^n-fey-y— 
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[0 0 0 2] 

[«*©«*] ifi*, «6^S«±, *>L<t4¥S£flcg« 

«&3cSS) iir&sy^ h9¥*tt&fi (M I 
SFET) S^r5W&#&A<lCric;*n-T>>-5. ftfc 
¥S#JS (SttH) jWK«^**¥»#£«*«Rh 
y>'J7>9 (TFT) t^5. E©.fc5fc¥«#gBt:: 

[0 0 0 3] 

BMHiWJHfc U <fc 5 1 -T H © J: 5 

^■Kttft. P?-lr*;i4HTFTO«dK:ttjECD«£E) & 
BIJnbfc«-&Ctt, 7-X/ H U-f >flfl©U-£*aEa* 
JSJn-r-5tV^P4S**»-Dfc. C©WS«. #JC7i7x 
-f ^"V h 'J ^7.HIK©^-r 5/^>y h 7 >*J7.9 KIT F 
T*fflV»S«-&C»4Sc*Wr»-3fc. 20 

[0 0 0 4]flE*> r©KS»CHl/Tf4, TFTKUfcV* 
T^**/l>©»riESn*iMWMI (ffi£l§) £*<-f3 
££K:£t>T**T£S£V»5«£at<&ofc. WAtf, 
#X*8ffif4, Jpn. J.Appl.Phys. vol.23 (1984) L819 \Z 
&V>T, JSffitt©->U3>©ffitta©J?S*l 0 0A^ 
6 1 0 0 0 ASrSftS-e-TTFTO^ttSW^, Ste 

[0005] L*»b&a«5. 30 

tUi^t>10cm' /Vs £Mlbrfc<, 7Z=r4 
7*v h U £X|5]g8©;W y^>if V 7>S?*^Ct4fflV» 

dfcte^pJfiET'&ofc. *■*>■*%>. H©«©-CH, fgH 
14->'J n>JSI(4> a s — d e poOttiti^fctO . 
*fflJ8Lfcte©Ta0, ff*U»ISfittft:firLTV»£i&» 

[0 0 0 6] -35r. &ffft££&tt£*-f S¥WMR6# 

j£g£-8r3;£& (Hfflf&gfc SPC) fcb<{4, 1/- 40 
T, »«VW4Hffl©S*JS«fb3-&a^j£ Ofc7x-;i/ 

m *ta6nrv»fc. «*.«. a 

U3>^f,iL7--;^lc«toTf#SlC(4, #if->U 
3 5 0 0 ~ 6 5 O'C-CSn^-rs d 

[0 0 0 7] Lfrb&tfS, Clft<5©:£)£Tl4» 
(Tflfi *-&tr) ©HJ»****fc«&, '>&< tfe 5 0 0 A 
©IPS ©-> 'J 3 V»fc»tn«ft#&ttfttt»4»S 

nufritz. *5swf4c©«t7ftraa^cfi*T)ftsn so 
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«v»#tt*«#6ft*TFTeaft-r*c:t*witr 

•5. £&, C©,fc5ftlUfffc#te©TFT£fliV>Tf|28l 
[0 0 0 8] 

[W8**ftr *fc»©#ft]- *»Wtt, Jf S 4 0 0 A 
£U©#tt«*»#K«J||7=-;MS'bb<tt*7=- 

;w& *<5v»H*fts©flf«fcj:-3Tiittfl:s*fc© 

^n^±HWfcU<f4SKK)lrx->^>y-r5di: 

ii-toT, ffs 3 0 0 AsKT<Dm>mm*m#mt 

u :n&TFTcffifti (^-v*;^^®©^* 
»») tUT«v»*dt*ttafr*t)©Tr**. 

[0 0 0 9] *5S^»4ffittH©J|t$fc^fe*«»5©T* 
•6*».-KT. #fclfiSl/&V>»£©J»Sfctt. Jfitsn 
fc««©¥^«ftJPa©ri*V»5. iltttt. £<SH# 

ttjw©#«Eic±-3T. wa*m^n 

U H©«t5Ja:ftKfa:*iW«Slff^EIS4*C:*»*» 
frrrtttfcv*©-?, ^fflVTt>J:V». *^^*i#3£© 
$#©¥i$WfeJ¥S (Cif g-r-5©l4Jl©J; 5 fcgffcfr 6 

[0 0 10] *58Wfc*V»T»4, SttlS©¥«(^K©IS 

TFT#<h{4gft5. b*»l/tt*«6, jSftttfc-swr*- 
SWt»i;Sii:»4aJ&T«lbVJ. -t^T, *^^T(4. 
ISfttt)S«AffT**i:t*, **l«JBV*Tfl«L&TF 
T©«JM»*»ft*fcJ:t>TIWrr*. fc£U 
«»»flE»4y-f h«ffi*"f-©ffi©*ttfcJ:-3Tje»rr* 
t>©T»S*«, Sy;ffl»4-5-©TFT©Sttg©^att* 

^swicK5ftUTv^ ! b©t#A6ns©-e. fFffii-tt 

*%^lCi3V^Tl4, AS!Wfc»4. g^:©^ 
IMM^MdE^, 5 0 cm' /VsK±. Sf*b<t4> 
1 0 0 cm' /V s &L±0&feiM%*>tlZ\z-{-ftl£%s& 
tt£WU JPS«»3 0 0AaT©->U3>Bl6#*Ct 

[0 0 11] #?SiP§l;::fcV>T, ¥^tLTyU3>* 
ffl * tt£ K I4±I2 ©X -y > y XS (4 2 a D ©*fe * 

mmt^z.tii^mrs > ^. mi©*^»4. ->un>ig 

[0012] ±ffiigic*v>Ttt{b«43Hfc3i::tt. 

JiJcv^. s^«<b*-5vw4^@^{brj4, ttflsan«->u 
n»K©j?si4fig^ffi. ^raicioTftjesns© 
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i&®ft*^«h7>tx7©fi£$mMS&T££l;: 

[0 0 13] K±©#ftfc±t>T*V*afl5&**ft«Wt 

Lfc©^, &ft3iili£Xy7 i >if-f5j&*, ->'J3>ax 

©**, ■to*ftfc#«^>U3>KfiWS<&*. £©. 
7j &© fflH£ttX8&l* 9 ST i83M» 6 > Xyf>n 

[0 0 1 4] JB'2 0*Stt«flS3WCln*T. SEft^S: 

t>«*»fcxy^>d^*^*a*T**tt*jav»T 
ct*»jBio*fttft&o. *©fc»Mtt©j*-e«tt 

i/-h©mitt7yttoiME^«w«[ <mt*> ©as 

• «U»i:£*t|BMrc**. tt±; JSl©3Mfe9». 312© 
[0 0 15] ^agiirfcHTtt, ±IB©ietcJ;oT-> 

TFT©^^^;w^an-5^-cs.s©"c. ±iry 

**fc#-tT±l3©»Kft*4Ji:3&:5tJ:V>. a»fc, V 

©JPS©->U:3>J8a*£5H3*»3>** h-fc-frZM 
«T*±"CW«"r**©Tr. ±E©«RflStt»»**«* 

[0 0 16] *&. «*©TFTSWT*»£Ktt, # 
fcU-^«**»fiV»!lfcA*a*3*l*iaiS <«*.«, 7 40 

[0017] «||fl;©iBi©&»fcx;/dr 

©S*JBi£*tt#ftJl'>«j3>«+C*V»T, i7X- 
;HCJ:*»ilte©IR©«atbT«ffil/, &7X-;H$ 
H©«8Si:. &7x-;VSg©&m<b©£T#)£#;& 
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mSiEtt. £tt&©7G*£h73/7 , -te>*-£LT4i;<& 

fcotsttsfttfco, Jin6©7c3ti©i8^*«giai:a 
nrvifc. in&©7c3gH->U3>Ktffi©)R©isi®c 

[0 0 18] ±IH©I@JCJ;oTfilftji 

©«Rfc«3i:fc'5i. BMbaialtoxy^iriaKis 
ht. £tt&©S£©S&©*#fcffl5#fcxy? i >y3 
nxbSooT, nnsisffifl:(igji©fc«>©in5fe©sft 

fcteWT^s. -toiRfcH, 01 l fcjSTJ:-? fc. 
ft3n&>>U3>filttJlfi«c©5-fe, x-/y;M£©« 

ffiroK^ofc^Ata^wicxi/^^yan, *-^a 

(011 (A), (B) ) 
[0 0 19] *-©*££, ^Y*;k©WSi«b!fi«tMlllU 

*#<fc5. CCIlitt. *>«*©**V»ili:tB* 
3tt*TFTKit>Ttt«***J:K (Ell (B) ) 

•;-***©««©&«>£. y-rnatv 

ftV»J:5KUfc*7 < fey h^-f H*36©TFTK:*tl/T 

[0 0 2 0] #5SI51K*V>T«, iSSWCV-X/Kl/' 
-f>©£«. t>L<«-**««»Tj*<&D. *©& 

c©cfc sn*ia» 7^x 

-fTvMJ^XEK©**?^^?^**) 

^©tt^iBMt&sj^Trfcntt. Nffl^pa©^ 

«»7C*©»ttftt-H)-fc*c:fe5 £ tj»«#3ttT*0, 

-1f-3lfi©BMtfcJ:oT}Sttfl:t*i:a:-3fca, 5 0 0 
~6 5 or©&7x-;wc,fc57gtt{bfcl;*aT£cfc5 

[0 0 2 lj-fc*, #3M!K*V»TttSttlB©W3!&«« 
»-C*<fc*©-C. I/— *f-*©JIOtCBbTtt. SM 

SSJSI'— tf- J: t) fe/x;P7s(i 1 0 u%>SKTWVl>Z V- 

if-^asbv». *5!Hj{t*5ViT«, ?**n>Mi&ffl& 
im#>Tm< MstisoT?. 500 A^T©y-f h*£ 

aiK*7'7XVCVDS J ?»MffiCVD, *»EECVD. 
ECR £r n h n >*R|) CVDffilOCVD 

ft, *5WWAy^Sl:J:5Ti^l/TfcJ:V>. ^© 

[0 0 2 2] tt*. *tsft¥«*f xA-±c»jaan 
smostm^h, y-r h«esa^©ipatt5 o oa 
EiToft^fcoaipJffiTrft^fc. cn»4. «T©20© 

gfitctS. Jgi»4*|Sji>>xA-±r»4V»foiJ>*LO 



7 

mm^nm-r 5«a-©»s**«»T0K , a»Tr*o fc c: 

JR*«^fl:fcJ:-3T#&ft)fct>©-eaD, ffi«6Tft®ft 

[0 0 2 3] T F TlCiS UTteS 1 ©g 

S*«5 0 OAeU&MtSftTUfc. 82©jTe 

fjics 5 0-*C£t±©i!5fi:7n-fexfc±oT!!ftaMfc;S 10 
*Cftto5«**l»V»T. j|ttlflsCJ:*+»JS:J|iaoy 

*©»*. y-f hmm&v&zzs o oAWTtfs:: 
T£tts©E»««$3ft&. 

[0 0 2 4] *%^!Cj;oTfSfe^©0a*t3 0 0 AK, 
Ttao&ctlciD. y-f hlft«BM«5 0 0A, 20 
V>tt*tlJ:0*V»t>0 , r*o'rt>. SUSSttStliA/ 

*»£fc*U>. X/ty*ttTWU a»?HMfefcKlC£ 

Tifc^fc. U^Lfc#?>> y-f htttHRtftt*©*©.!: 
[0 0 2 5] *»Wl*V»Ttt. «!J$©*E©[afi©« 30 

«, ®®{tzMi£7>*x7©}l£&K£oT®te£:fc 

g-e«5 o oAgST*ofcmciA { , s^wicttK^ 
if«aT?e*sflEfc*Tr«*r*. ^©oniasiM^s* 40 

[0 0 2 6] 
[*Mi0!] 

1 ) *$iK0!£H 1 icw-r. *r. sfiioi 

(3-->y7 0 5 9, 1 0 OmmX 1 0 0mm) ±1' 

ymmmt lt, rmbisk i o 2 £x/vy * u >^ 

m\Z£0 1000~5000A> WrM, 4 0 0 0AC 
rtKbfc. iOttflSSJRKl 0 2tt, #5>USiW>&© 
^*E«©ffi«*K<fc«>tl9:W&*lS. -tbT, #&ft 50 
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->l)3>Bgl 0 34^5XvCVDfttJ:D4 0 0~1 
5 0 OA, 09*.«, 5 0 0 AlCf&KLfc. 
[0 0 2 7] ■€■©«, IMMr>y 3>IUKft~*+A 
©XydrjPt>l/<ttXu/^r;Hk-&»*^@l 0 4 (X 

®3tfxtt©**r:yir;n£jR. 3t. ^XvtioT^ 

©v»i*n*»cj:tjT}B^rntf«fcv>. ©©^ic^ht 

f£Ltz. ttTC*©#Hs«l«W*. 
[0 0 2 8] *ftS-> U 3 >K±C -> U 3 >*M 

*ttfcT*;ifcfcJ:0Etfc£*flt«l 0~5 0AlCJg|£ 
Ufc. afla£JMt*»j*T*fctt. Bl«»Hft+T©U 
vjttojRW. &&{b> »«fc**CJ:*J&»ffcJ:r>T 
*3Cfc;L«J:V>. CCTrtt. KSS#B&+T©UVft© 
MltlCJ:DKftKSr2 0 AK^KUfc. C©tt{b«»ll 

a, *©=y4r;nwtti[««ta*f *x8t. 

t&*>-&. 5'y3>a©aiiH*tt**#u» 

7K»W*3**^< , r*fc»©fe©T»«.. 
[0 0 2 9] Z>g\Z, *r)\s*%ffib 

±KC©=y$r*BWtt*S*ara*Hfc2m 1»T 
U !!©*•« 5 »BiliWl/T=yer^BnM[*»t^ 
-fc3S«±fcfT*«Sttfc. *©», S«©leie»§± 
IfTXOI 4 ?^ (2 0 0 0 rpm, 6 0^) fcfcdfc 

[0030] *^#©w^r«. =y4r;i«BW[«« 
*ir*3W5x-y^r;i/©ss«. l p pm^±-e*n«^ 
ffitofts. £©xy^;i*&ift)gli£©a#x8&> i~ 

U 3 >K©*®»-¥1^ 2 0 A©BWftJ(rr-B»*=y'^r 
^•^JHl0 4$«L.fc. (01(A)) 

[0031] ^jswciij^Tte. ^fte->U3»e± 

bfctf, #ftK->U3>K©T CTftto-fe. T««ftK 
l 0 2 t->Un>Sil 0 3©Ffl) Jcx-yy;P'bb<«x 

tt. #Si!S'> U 3 >JR©*Bt«HC=:y ^;u>b U < H= •> 
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[0 0.32] XyjrJteWHHMfcflk MIMFfcfcHT, 

c:&v»lMMbttb»fe. C©i7^-JH:J;^T, 

±©fc»lCK r FX*->Vl/~ (8tfi2 4 8 n 
m) cn&7^ftliAflSffi»««>ttjSMs$ 

■frfe. U— !f-©X*;i^-£g« 200~350mJ 
/cm' tbfz. V— #-<DX.*)Vif—&&SZW3> 10 

v». . 

[0 0 3 3] *•©&> i^ffittv'j3>|g©Xy5 1 >y* 
*^&VU 5 0~3 0 0 A©JftPCJgJ$b&. £©X-y 
^>y©lS(4. ST. »BMbi<jff£7> ; EX7©g3- 
*ra*m»T**fttt«^©«Ii*«fcStfT«fc3i 
ili£^fi£bT, -toft. 7v«KJ:oT«ftai*Rftl* 
^-r^dtiriO^i^ofe. rffllSH, —Sir 5 o 

~i 2 0Aa*xy?>f3ft*©T, nuiif^ftftiii 

«0jg-rcitCJ;0. &M&«i;*©xy^>y£*5;:ft 20 

*», 5:2: 2 lCfi£-3ftfc'fe©£ffiffibfe*<, <IS©g 
£fcfc$©fc©Tfc«kK Sfc. C©ttfcfl»ft«J8l,T 
fc.kV>b. *gji£&5lSll©£E«:&K{fcb&&, 75»1 
•CX?9 l >ifbTt>»bftV>. (01 (B) ) 
[0 0 3 4] O^fC. S©J:5fcUT#6ftfc»*ttS/ 

fc. J10»«->y3>JRl 0 6ttTFTOffittl**|j8 

*bT. y-f MftWJtl 0 7tbT, KJP2 0 0 30 
~ 1 5 0 0 A. m%.\Z> 5 0 0 A©Kft^Kl 0 7$ 

[0 0 3 5] *-©&, J¥3 1 0 0 0 A~3 tfm, 0«;L 

50 0 0A©7^S-^A (lwt%©Si. feb 
<te0. 1~0. 3wtWSc^if) 1^7? 
U>^ftCJ:oTjSBIUT. cnfc/^-X^bT, 
^-f hm@l 0 8£JgfiSbfe. -3€flC»K€rpH^7, 

i~3%©S5K©xf 1 u>yun-;^ffii'Sb, a 

&eiftfl. 7;psx^A©y-r hmsi o &z®mti 

T, HSKfbSrisr^-Dfc. RMRMsli, ««Mfc«* 40 
T2 2 0V*T«flE*±lf. *CD«*TlP»Wfiy»LT 

&73-tffe. COiSfcbT* JSS 1 5 0 0~3 5 0 0 
A. mz.\i, 2 0 0 0 AOHHMMsttttK 1 0 9 

bfe. (01 (C) ) 

[0 0 3 6] -tofc. -f*>l«-K>ir85CJ:t>T, a 

«->y3>mi o 6iz, y^htii0 8«j:tfiMnt 

{fc#JttBll 0 9*7**fcl,TBE«E*HK*tt» <* 
*tt«KiSV»Ttt|*) £flEAbfe. H-tf>^7.tb 
TS7«7-f> (PH, ) fcfflWt. C1©«-&©H- 
Xfitel x l 0"~5 x l 0" cm"', ft]j£m<E«l 0 50 
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~90kV, m%M, K-Xi&5X10"If/cm 
* . MmmEEZ8 0 kVtLfc. NSRF*E« 
IMtllO (y-7/HK» #»*Sft&. (01 
(D) ) 

[0 0 3 7] SSfc, Kr FX+->-7Pr-if- (jgft2 

4 8nm. MH|2 0nsec) fcBBItbT, H-tf 
>y3ftfc**E4MW«l 1 0©Stt<fc**iI&?fc. 
— tf-©X*;l/=?-ggte 200~40 0mJ/c 

m' . jfiK«2 5 0~3 0 0mJ/cm' ^aST? 
fcofe. C©Igtt3 5 0~S 0 0*C©M7X-;HCJ: 
■sTacttoTfeiV*. ^*ffc. HfBMfcgdKiibT. 7 
^XvCVD^ICktjT^ftl^SIl 1 1£J¥$3 0 0 
oAfcjffiKbfe. (01 (E) ) 

[0038] nwjBftgdsi 1 1 1. y-r vmm 

1 0 7©Xy3 L >^£i3Clfcl\ V-^/KH">IC3 

$10 0 OA) , 7;i'3X£A|g OS£5 0 0 0A) £ 

ty-X/l<K>iill2, 113£jgJ&b, TF 
T0»6^dE3*&. (01 (F) ) 
[0 0 3 9] TFTfeim, 0 0~4 0 0"CT? 

*3S{b&S£*c:ftoT'b.fcv>. *j«M(©J:3fc, y 
-VFK >^©3>^i7 h©«B#©fiHt«©ff3# 
■*T*V>»#fc «, 7)VS x<? A t *>U 3 

y a >^7;us x? a iSJfc b ic < v>jRetttt « i A 

[0 0 4 0] **Jg^-eiSSttl©^€:l 0 0A*>6 

5 o o A*T«{t;s-a-T. ■e©*H££«f5£bfc. @5i: 

^ftbfcfe© (10 OA) t, S£*©*S©fc© (5 
0 0 A) OHl/-f>*« (I. ) —f'i h^BE (V, ) 

^<T5Ci:©J;t), f^Y%mzW^77, (fi) € 

ffia«wiDa nfcss© u - ^ «w©»ttfc** < b 
fen t 

[0 0 4 1] 'J-^fimiC^H-ai, S8KBKID6 

b. 071-^Lfe. mzv, =1 ovotzov-tn 

»ttSttlt»<T*Jii©J:D*Rlc«*^l/TV»*t 

f- y v h y ^ ^ [H]iS©X -f y ^ > 9 Y 7 > 9 1 b 
T<ff*bV»t>©T*rpfe. ^©fflJJC, n^^W)&, 
b#ViH«ffilC^V>Tfcil^bfeA^ SttH*«?S<fe* 

ig^nfc. v»-rn©*&t»jSttJi©wa*«3oo~4o 

0 A ©ra-C^L»?5:« fl2**jB u^eit *f?8^$ nfe. 

[0 0 4 2] C^Jfi^U 2 ] *flJSfi«JT«il^WlC -> U 3 
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^-Xy?>£ r ©v-S>>#&9K:<<fc-5i: 

C, Zft\thv7>f'tYm (y-f h««0<tiH£Jf©±l= 
•flHW*) OTFTft»riS-r*»*K»4**ftl»«-e* 

[0 0 4 3] CWrafflfc^VVTglXJ&^Si:, 10 

-*-tUT, -€-©^©v^^^fc-&©i8rMv»*i: 

«, ->'J a >R*fflv>5 i iiW-iRWT* ofc. -T&fc) 
"6. Hl!TFT©yD-fe^t*ViTt4, S$J 

fc*;:£feft*/t*- »««*©»*£*& 

£©fttf£gii&©«5j£©B5t;:, iBPSfCVT^-g-fo 

[0 0 4 4] i©V-*-«->>j3>K*^<?iSi:Vv 

<o*>©mi««»ti;fc. mz, 7)\>s.-vm\zn?- 

>*«j*f*«£fctt. -r-*-©«»t7^5=:i>A 
*0!4:©ft**WBflbT^;**£fe1t**z:fc3!:fc*« 
B*S*lfc**» ->'J 3 >K*<5 0 0 AKTfc1»< &5 

[0 0 4 5] T F Tfttt©3feSCJn*.-t\ YX 30 

©ETfcefeS-rs^ss-r. *^js^*02tc^-r. 

ST, S^7i^7^S«2 0 l±.\ZTi&mmtLT, 

mit&mm2 o 2 * u >y^ir «t 0 1 0 0 0 ~ 

5 0 0 OA. Mxtf, 2 0 0 0 AlZfitMLft. Z. (Dm.it 
S3KRtt. 3(f9X»K*»6©3BK*©Jatlt*l»<fc»fc 

DS'C«k0 5 0 0~l 5 0 OA, 09*.fcf, 8 0 0AK:j& 

mvft. ->«j3>gg©jf 0 oAtbfc© 

*Wa*flMM"*&»Tr**. (02 (A) ) 40 
[0 0 4 6] 3 6 fc. ttfttt ->U 3 ^glbettft&MK 
2 0 4*5 0 0 Afc»J«Ufc. BMbasKOftfeOKJMs 
Jt*T K C©Rfe^3RK2 0 4ttft©«fc7= 

-;p©R©**y7Kfc&*. *©&, *ftK-> , J3> 
K«5 0 0~6 5 0<CTt&7--n>tZ>Z.t\Z£Q&8, 

A»*l&ft{b(E«©*M*7G* £ u man l t t> £ v». 

ISfittiai±©&»fc. JR7=-;HS©aKK r 
F X*->T k— tf-Jt £ Ml* LT fe J; V». 
[0 0 4 7] *LT, Kfb^K±lC7* M/i?7h2 50 
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0 5£JE5fi£bX, A^-Xi/^JSCfc:^, 

fifcLfc. C©tt&©®rM0£0 2 (B) ir. ±* 
^e>£fc0B«:04 (A) fcjRf. **!MITtt. Hi 

j*U ttKUfc. 04 (A) ©&BJ«, 02©»r®©* 
rtlftw-T. (02 (B) , 04 (A) ) 
[0 0 4 8] *©ft, SttMU£ra#fc5'U3>lt©X 
y^ytfcZ&V*. ^1r*^»J«««jfii»*l 5 0~ 
3 0 0A©KWfc»i*Ufc. COfcKtt. i&Kftzksfci: 
7> ; &x7©iB^lwJ;SB?{t;<i: 1 X7y8KJ:*iy 

?>y*asfc*j:fcv>. snrs'y a > 

RSXy^ifl/fc. (02 (C) ) 

[0 0 4 9] *l/t, 7*M^Xh2 0 5£BMl2g* 
K2 0 4Srl**Ufc. DiTtr, HCfcSKLT^&tlfc 
*SlittS'U3>R£Xs/^>v'LX, TFT*JgdtT5 
ft:R®«2 0 6 (fttf->'j3>K) tVX^^WCV 
-*-2 0 7, 2 0 8£jgfigL&. Z.<Dt£<D±Jlfrt> 
jifc0E£04 (B) tr^T. £©0Ttt, 5to->'Jn 
>K©f*flgft;©A^->fejflcST^LT*s. £©£ 
JR. SBl/^-> (H4£fl) Ttt, ftV»<>U3>li© 
**©»tt*«IWHS!i&t>&. SI2/1*->-m, 8 
V»->U 3 >!©««©»«»**»•?*■;>«:. II 2^ 

>y©»K»««*©^i;i^©«»*»»flftl/Tl/*5 t 
JBl/^^->T?tt*©J:5ft?l«tt*6 
ttfcfrofc. (04 (B) ) 

*©«. y-r HMWtfci/r. ou* 2 0 o~i 500. 

A, 1 0 0 0A©&fb3i3ll&2 Q9*7"yXv 

CVDSCioTMlfc. (02 (D) ) 

[0 0 5 0] -tUT. SS1 0 0 0 A~3 /im, 0«;L 
tt. 5 0 0 0 A©**» H-^Snfc*IMt©-> 'J 3 >K 
*«JECVDffit«toTfiKJKUT, rnSr/^-X>i/ 
bT. y-f htti-E«fc#i6:r*7*M/5'^>©/t 
^©fSCtt, Y-#-2 0 7£ffl^ 
fc. -ttT. d©7* H/S?7. vomz-ytzk-iTgr 
8Iy'j3>ISX7f>yi/T, y-fhmffi2 104 
Jg^Ufc. d©fc#O±^*»e.afc0B'604 (C) \Z 
^f. (04 (C) ) 

[0 0 5 1] *©&, -f *>H-K>^»fcJ:oT. ft 
«'>U-3>JK2 0 6K, f-i hMM2 1 O^VX^tU 

Ufc. H-fc!>y^X«i:l/T«PH, SfflV^fc. £©*§ 
•&©H-Xg(41 X 1 0"~5 X 1 0" cm' 1 , Ja5S« 

jEtti o~9 0 kv, mtut> K-XS* 1 X 1 0" c 

m"', JJD3$mEE48 0 kVtUfc. £©*££. N1!^»E 
«lffi«t2 1 1 (y-X/HW» (0 
2 (E) ) 

[0 0 5 2] 5 0 0~6 5 0'C, 6 0 
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3RW«©ffittfl:6*iifttjfc. torn, mmmmtL 

T. «£ECVDfeCJ:-3TKft:3i5flK2 1 2 £JP2 3 0 
0 OAfcjSUIbfc. 

[0 0 5 3) *UT, !W*fog*Bl2 1 2. y-f h*£&JS? 

2 o 9 0x.yf->ifZ)$z.tj.\,\ y-x/h*u-f>irn 
Hfc-;u*»«i/&. tot*. 1 tftfc 

f^^Ay?'J>^i:J:?TMl/, A*-x> 

StthO/^-^ftJWfcLfc. HOIRfctt. V-#-2 
0 8*fflHt. -t-UT, £©7*M/5?*h©A*-> 
ICJ;oT7;P5-^Zx^&X<y^>yUT. 7-7./ h* 
l"f >«1 -13812 1 3. 2 1 4*JB£Lfc. (02 
(F) ) 

[0 0 5 4] TFTf£8l&, £Sfc2 0 0~4 0 0"CT 
fcTFTft Se*©TFTttfcKL/T, ¥£#H©^-V 
tt«E, U-*«K*©#ttfcHUTtt. 20 

8 0 0A©JMT*ofc&»lC, +»CttV»->-h«tt 
■Cfcofc. Sft. *3MMlTtt, V-^/PI/-f>©« 

»©j?$*t+»T*t>fe©7?> mtm>m*mm< 

[0 0 5 5] GfcKffl 3 ) 3 KjR-f. #2i 

JSWi, TFTSHfcii&3sg«©J3i2|5|g&0->7M'5? 30 

x^isiB&irfflv^nscMO sifty^f^ 7*v h «j 

£X©X-f •y^>yh7>v?X* (Hf TFT) ©f£S 
CHbT*58WftafflUfc«t^-r. *f. S«3 0 1 
±KT«BMURfc UT. ttft&*JK 3 0 2 * 'J 

>^SJC<fc 01000-5000 A, 09*Ji, 10 0 0 
AlCf&flgbfc. tLT, #ft«->»j3>R*7'?XvC 
VDteCfcO 4 0 0-1 5 0 OA, 0tJx.fc£. 5 0 0Afc 

[0 0 5 6] *©£. *JM9ia:flMlfc*K>3-y<f 
>^ISKJ:?T*Jlll5'U3>fll±R:ft~ft+A©=:y 40 

icfcwt, ^*»H»tt**s^T5 5 ot;, 4^ra©Jn 

fttt(6]±©fc*lC, 200~350mJ/cm' ©X* 
;p*-**©K r FI+-/71/- !f-3fc*|RltLfc. 

(0 3 (A) ) 

[0 0 5 7] CJ^IC. £©«t3teLT*&Sttfcll8j&'l*5' 
U3>K±K2l;i^J2i|i3«CVX£&Jgj£U 7:7x 
^:/vh'J£*E8©®«©*£S$l£ft;LT, &V>->'J 
3>fctt3 0 3' «g«3 0 3' ©->U3> 50 
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K©JPStt3 0 0 Atbfc. Xy3=->y©#&ttill<50» 
2<h|i^l;:*5£ftofc. (0 3 (B) ) 
[0 0 5 8] ■?•©&. d©«lCUT#6nfci!$ftttS* 
KSA^-X>^UT> J&#ffl«3 0 4, 3 0 5, 3 0 
6 (Stft3tjgK) tBfUL^tz. C©M*&Xflt3 0 4, 

3 0 5, 3 0 6 ttT F T©g<iS-e$> 0 , ttr#«Hia 
B»@IS©->7hl^;>X*©lEl&fcJBVv&tt, g&©l 
o«7 £ -r W 7*V h 'J t; X Ih18&©!!3£T F T fcffl US ft 
«. *bT, y< HUNK 3 0 7 tUT. KJP2 00- 
1 5 0 0 A, 0J;L«. 1 0 0 0 A©K{bS3gK3 0 7 * 
y?XVCVDttCioT»J*Ufc. (03 (C) ) 

[0 0 5 9] *■©&. /PS 1 0 0 0 A~3*zm. MX. 
«, 5 0 0 0A©7il'5-'>iI*XA7i'Sl:J;t5t 

j*kut. :nw-r>^Lt, y-fhmffi3 0 

8, 3 0 9. 3 1 0£B&£Ut. o€ffc£R£pHi? 

7, l~3 96©S5K©X^U>^U3-;i/jSJRCg 
U 7JP5X7A©y-f h-m@3 0 8, 3 
0 9,31 0*|®ffii:L/T, ift^fc. % 

gj0--£m85T?2 2 0 V£T-mfiE£±tf, * 

©«»-eiwmifiy*bTJ*7s-a-fc. n©J:3fci/r, 

/PS 1500 — 3 500 A, Mitfi. 2 000A©»ffi 

[0 0 6 0] *©«, 'f*>H-K^ftfcJ:'9T. * 
tt&5liK3 04. 3 0 5, 3 0 6IC, y-f hmffi3 0 

8. 3 0 9, 3 1 0 i/raE»*B»c**M& 

(PH) *K-.h:>y»XfcUT*«ffiALTNfflTtt 
<ft««3 11, 3 12. 3 13£Jg/i£L&. (03 

(D) ) 

[0 0 6 1] ■*■©», N^V^;H!©TFT*^-rS 
3!M7*t-l/yxh3 14TIoT, P^lr^;H!© 
TFTS»jW*«»fcS?#5> (B, H, ) tH-K 
>^XtbTffl**ffiAUT. NS3RKtt««3 i i 
■e*t>fc*«jJ«fiCl/T, PS«M«3 15&M 
bfc. £©J§3\ jg¥©h*-Xg«2~8X 1 0" c 
m'\ MaMljEte8 0 kV, iffl3g©h*-XM«4~l 0 
X10"cm-'. 10iiiE&6 5kVi:l/fc. (03 

(E) ) 

[0 0 6 2] SeiC, K r FX+5/Vl^-- tf- (jfc62 

4 8nm, /W*<B2 On s e c) SfigltUT, ?F»Efe 
««3 12. 3 13, 3 15CSttftfiSr^ft. U 
— tf-©X^;i/^-seS« 200~400mJ/c 

m' . jf*U<»42 5 0-3 0 OmJ/cm' A<i|S-C 
-P^flC. ®mmffi&3 1 6i:UT. 7*5XVC 
VD*CJ:oT*flSS*Bl3 1 6£JP3 3 0 0 OAltfig 

[00633 *i/r. ^w*e»K3 1 6, y-r h*e»iK 

3 0 7OI-;f>yS*CftK y-x/f>*w>i:3 
>^i7 ■?-©&, 7;P5X^ASg<S: 
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Fl"f>m«3 17. 3 18, 3 1 9 fcJBMKLfc. (0 
3 (F) ) 

[0 0 6 4] mWZ. rtr^-yg >R3 2 0 tbX 
j?S2000~6000A, 0fl*J£. 3 0 0 0 AcDgfb 
SI*tt*y9XvcvD*fcJ:r3T»«U. ;m£M{b 
3£5fSJg?3 16> ^'T hif6eifadK3 0 7^X.yf>{fLT, 
Ttt$l8M83 1 3fc#l/T3>*{rh*-J|/*»jfcl, 
fc. *UT, f •^/^Mtt'fbttflt (I TODD £JB 

it, (0 3 (g) ) ^±©«t^icbT, mmiBi&oi/y 10 

h l/3?X^B»i:B*T F TjJ»»UEStlft. 
[0 0 6 5] *Hi»W"t?«B*TFTttU-i'*aE©/h 

©^tfcCtWg^nS^? h U3>X**©IHKfc* 
V>Xte. 7£ttl©fcfc&WJPV>->U3>l £$V>X, ^« 

fl*«E»**j^sE.fc#T#fc©-c. ms&^tb 

[0 0 6 6] ($)M4) **lK0!£H8&J:CflB9l: 
Sf. *$)Mltt. T F TSKft*i*8ft©fl2II§IRft© 

->7 M^^^OSStCMV^n-SCMOS^tT^'r 20 

T) ©fPRfcHLTJfcBWSRfliUfcWfcjSI-. ST. 
£&4 0 1 ±CT*«MbJR£ bX, 8M2&HR4 0 2 £ 

7./V>5"J>^ffilriO 1000-5000 A, Mx. 

2 0 0 OAlCJEfiKL-fc. *-bX, *ffiHv'J3>a^ 
Sy^XvCVDtetrit) 4 0 0~1 5 0 OA, Mx. 
«, 6 0 0AIOSRU ISilftS**:. 
[0 0 6 7] O^IC. r©J:5fcbT#e.nfclS*tt>'- 
U3>R4 0 3±K3afiM2 fcP3«K-7***»j«U 
7^7-W^VhU^XEll8©^*;P^««*«t^ 30 
X©TFT^f&SBi£©^ia£8RfbUX, &V>->'J3> 

0t©IPSIi3 0 OAirLfc. Xy^>y©»tt»i««« 

2 1 n« t & -a & . en -eatfsa#© # bur* s» 
utflsLfcoa, tt©xa©Attflt*«j*j*r«Kc. * 

(08 (A) ) 

[0 0 6 8] *©«. £©«fcLT#6ft&i!«tt5'U 
3>SU0 3fcX-y^>^LT. AK«I«4 0 4, 4 0 

5 (^«->U3>BI) S^fiSLfc. d©CR. lyf^ 40 
tt*ESWtfc3tt&«*4 0 3' ©^KttbX&Cfcfc 

tat, zoctntymzmi o&ffi^T, «*K»wr 

«. 01 0© (A) ~ (D) tt, ftttfl2©*Cft*ftlK 

«©^ia«B*saEK{b-e-fK:^bfc"t>©-e»s. 010 

(A) *J:tf (B) Mt>>U3>jK6Xy?>yr«ie 
©IHf**L/TV»*. HBfc&l,»X, J¥£6 0 0A©Mi& 
1 Id. ±Et|^«©*HfbIfllCJ:oT. JP3 3 0 OA 

*T!*Kflssnfcfliwi2ism»ritanTt»*. h©6UMB 

3«J&tt&«©/t*->£jSUX*3?K Cin£A^-©SB» 
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J6TUX. (01 0 (A) . (B) ) 

[0 0 6 9] S"f. ->U3>Jg£3 0 0 AX7f>^b 
fct*©*^ttH10 (C) ©«fcfc*. C©t#. a 

*««©»ri6an*a5»6, 7©sg*rmv'j3>§itt 

3 0 OA, 6 0 OA) £WbXV>5. uCT, ««6fS 

aicy-f HM*«»jfcstt5flwre*D. ak««©s 

H©/h$V^i:AigSn5. 010 (B) \zt$K 
X, 6 0 0 A©ffSt#UTV»fc««ltt, &U)t«<X 
y<?>ift!tM<1tr), »3 0 0A©Jf £©->U3>6g 
#X3&5. 010 (B) C43V>X, 3 0 0 

A©J»a«#LTV»fc««2tt, a**l*t±TXy?> 

^sn, TWfcKoaiB 5 awn: <*. i/*>u ft 

«fctT->U3>««4t»«6, 7«0£A<oXfc 

0, S&*Xyy>$r*»&RT**. (010 (C) ) 
[0 0 7 0] SSfc. vU3>®IS3 0 0 Ax>y?>y 

•fat IS 10 (D) ©fcfcfc*. 010 (C) I'feViX 
tt. 3 0 0A©->U3>KiW*9TV>fc**4tt. T 

£T©5'y3>Ra*xy5 l >ysft, TifttflsR* 
®9*i®ffl-r-5. UA>U 010 (C) C*wr, Tift 

MftBI©&8S <STx^f> Wis C & tenx b £ 

#3 : 1 iV^ffiSbH&ftXiS*., ft«®«8©5-& 
J?S'A*3 0 OA fco fcffitf 6 t , Tffl®« t ©gS tt 
^•&<tt>4 0 0ASa»5. C©g^tt, X-/f>^ 
©BK->U3>t«fls«*©aiRtkCJ:-3T, ^KlTS 

**, atww&WRfcu&fc©©. assttBtA/gss 

3ttt\ y-f HftW8tfeJ:0»< («*.«. 5 0 0AK 
T) -TSUtttHBTrfc-ofc. (01 0 (D) ) 
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4 2.0TSK -f*>F-tf>ifftfcj;o:C, AtSIbIES 
©Pft*;HTFT0fi«^>U3 >JK£ «fc TSMs^m. 
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ftK4 0 6 bOTSBlC«5 ; £«AU, WHH>42 
4 (LDD, N" M) fiW&Zfttz* (0 9 (D) ) 
[0 0 8 1] K r FX+vVlx-* tf- (J£S2 

4 8 nm, ;^Jl/X«2 0 n s e c) £iiStbT, ^Flffi* 
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